Sarcoidosis is an inflammatory process that is characterized by the formation of noncaseating granulomas. This protean disease may afflict nearly any organ system, including the central nervous system. Here, we present a case of isolated neurosarcoidosis that initially presented with hydrocephalus requiring ventriculoperitoneal shunt placement. The patient's hydrocephalus recurred multiple times and required two additional shunt placements over the 3-year course of her illness. Due to the lack of systemic involvement, sarcoidosis was only diagnosed after a tissue biopsy of a Cauda equine lesion. This case highlights the importance of tissue diagnosis and the diagnostic workup for sarcoidosis in cases of cryptogenic hydrocephalus. This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
INTRODUCTION
Sarcoidosis is an inflammatory disease that may present in a multitude of forms due to its ability to involve virtually any organ in the body. Involvement of the central nervous system (CNS) occurs in 5-25% of sarcoidosis patients. [1] [2] [3] The most common symptoms associated with neurosarcoidosis are cranial nerve palsies, paresthesia, headache, weakness, ataxia, aseptic meningitis, peripheral neuropathy, and cognitive impairment [ Table 1 ]. Hydrocephalus is a much rarer complication of neurosarcoidosis that was not found in one series of 91 cases and only reported in a few case reports. [4, [7] [8] [9] [10] Neurosarcoidosis patients commonly have evidence of the involvement of the thoracopulmonary system. Isolated neurosarcoidosis (sarcoidosis limited solely to the nervous system) is relatively rare. The prevalence of isolated neurosarcoidosis among neurosarcoid patients varies from series to series with older studies reporting 1-3% and more recent studies reporting 11-17%. [4, 11] Here, we report a case of a patient with isolated neurosarcoidosis that presented with hydrocephalus ultimately requiring placement of three ventriculoperitoneal shunts and eventually diagnosed by biopsy of Cauda equina lesions.
CASE REPORT
A 38-year-old African-American woman presented to an outside hospital with a 2-year history of headaches, a 5-month history of difficulty walking, dizziness refractory to meclizine, and a 3-day history of blurry vision. A neurological exam demonstrated nystagmus on upgaze, left gaze, and right gaze. She also had an ataxic gait and papilledema. Head computed tomography (CT), and magnetic resonance imaging (MRI) revealed communicating hydrocephalus. Analysis of cerebrospinal fluid (CSF) obtained by lumbar puncture (LP) demonstrated cell count, protein, and glucose levels within normal limits. A presumptive diagnosis of idiopathic hydrocephalus was made. A right frontal external ventricular drain was placed followed by right frontal ventriculoperitoneal shunt placement. A postoperative head CT revealed a collapsed right lateral ventricle and unchanged left lateral, third, and fourth ventricles. Due to symptomatic improvement, the unresolved hydrocephalus was followed without further intervention.
Five months later, the patient presented to the outside hospital with a headache, nausea, vomiting, ataxia, dizziness, and blurred vision. Other than an opening pressure of 25 cm of H 2 O and glucose of 97 mg/dL, CSF analysis was within normal limits. Angiotensin-converting enzyme (ACE) levels were not tested. Head CT revealed left unilateral obstructive hydrocephalus secondary to a trapped ventricle with a left-to-right midline shift, so a left frontal ventriculoperitoneal shunt was placed. Although postoperative MRI revealed decreased hydrocephalus, the third and fourth ventricles remained prominent. No postcontrast enhancement was seen [ Figure 1a and b].
Other than one shunt revision, she remained relatively stable for 3 years after which she presented to the outside hospital with unsteadiness, double vision, and left leg weakness. Head CT revealed collapsed lateral and third ventricles and a persistent dilatation of the fourth ventricle, which prompted placement of a ventriculoperitoneal shunt in the fourth ventricle. She was discharged, but her condition continued to deteriorate, possibly due to over-shunting or disease progression and she was readmitted after 2 weeks. At this point, she transferred her care to our institution.
Upon arrival, her neurological exam demonstrated direction-changing nystagmus, asymmetric proximal lower extremity weakness (iliopsoas right 3/5, left 2/5), and ataxia on finger-nose-finger and heel-shin testing. There were no sensory deficits, and the patient did not complain of fecal or urinary incontinence. Head CT demonstrated bilateral frontal and right suboccipital approach ventricular catheters and a decompressed ventricular system. Hypo-density, suggestive of edema, in the cerebellum prompted treatment with Decadron. MRI revealed sulcal enhancement bilaterally along the frontal lobes and internal auditory canals that suggested leptomeningeal disease [ Figure 1c and d]. MRI of the spine revealed diffuse nodular leptomeningeal enhancement throughout the spinal The workup for infection was negative. Chest X-ray and CT of the abdomen and pelvis were negative for mass lesions or signs of systemic sarcoidosis. She experienced only transient improvement on steroids, so they were tapered off.
Discussion at a multidisciplinary case conference yielded a broad differential diagnosis that included inflammatory processes (neurosarcoidosis or other connective tissue diseases), primary or secondary CNS neoplasm (ependymoma and lymphoma), or a chronic infectious leptomeningitis. Biopsy from the L3 Cauda equina region was recommended as the lowest risk and highest yield target. A region of a root that did not produce a motor potential when stimulated was biopsied [ Figure 1g and h]. Hematoxylin and eosin stained sections demonstrated numerous noncaseating granulomas [ Figure 1i ]. No organisms were identified with acid-fast or Grocott's methenamine silver stains. These biopsy findings support a diagnosis of neurosarcoidosis.
DISCUSSION
Here, we describe a case of isolated neurosarcoidosis presenting with hydrocephalus that over three years appeared to require three separate shunt catheters, likely due to progressive occlusion of the foramina of Monro and Sylvian aqueduct or possibly due to elevated CSF protein levels. Hydrocephalus is a rare symptom of neurosarcoidosis with few case reports. [7] [8] [9] [10] This is, to our knowledge, the first report of isolated neurosarcoidosis presenting with hydrocephalus. Furthermore, noteworthy is the development of a trapped lateral ventricle and necessity of multiple shunt placements. While there has been one report of neurosarcoidosis requiring multiple shunt placements, the patient described had systemic sarcoidosis making diagnosis more straightforward. [8] The protracted course of our patient's undiagnosed illness was likely due to the absence of systemic disease.
Upon initial presentation, the diagnostic workup, including CSF analysis, was unrevealing, and she was diagnosed with idiopathic hydrocephalus at the outside institution. The leptomeningeal enhancement, later found on MRI, generated a broad differential diagnosis that included infectious, inflammatory, and neoplastic diseases. Due to the protracted course of her illness and the presence of multiple lesions throughout her brain and spinal cord, ependymoma, and neurosarcoidosis were placed highest on the differential diagnosis. Several years into her disease course, her CSF profile became remarkable for the nonspecific findings of lymphocytosis, elevated protein and elevated ACE. [5, 12, 13] While her CSF analysis was normal early in her disease course, this has been previously reported in other cases of neurosarcoidosis. [6, 7] Because the appropriate clinical and radiographic findings are nonspecific, sarcoidosis diagnosis generally requires biopsy. [1] [2] [3] For isolated neurosarcoidosis, diagnosis is made even more challenging by the absence of thoracopulmonary involvement, a hallmark present in 90% of patients. [1, 2] Biopsy for sarcoidosis is also critical because patients may not show substantial improvement with an empiric trial of steroids, as was true for this patient. Many have advocated the use of immunosuppressants such as azathioprine, methotrexate, infliximab, or mycophenolate mofetil alone, or in addition to steroids in patients who do not respond to corticosteroid monotreatment. [1, 2, [14] [15] [16] The risks of long-term immunosuppressive therapy warranted a definitive diagnosis of isolated neurosarcoidosis, given its rarity. Since neurosarcoidosis was indeed the diagnosis, the patient was initiated on 80 mg prednisone daily and 500 mg mycophenolate mofetil twice a day.
CONCLUSION
This report highlights the importance of considering neurosarcoidosis in the differential diagnosis in patients with unexplained recalcitrant hydrocephalus.
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